1. Introduction
===============

Pancreatic cancer is 1 of the most frequently observed gastrointestinal cancers and is becoming a leading cause of cancer-related death worldwide.^\[[@R1],[@R2]\]^ Despite extensive research, the prognosis of advanced pancreatic cancer remains poor. The incidence of the disease is nearly equivalent to the death rate associated with the diagnosis of pancreatic cancer.^\[[@R3],[@R4]\]^ In recent years, the systemic administration of gemcitabine has been accepted as a standard first-line treatment for patients with advanced pancreatic cancer, offering better overall survival (OS) than that of fluorouracil (5-Fu).^\[[@R5],[@R6]\]^ However, patients who receive this therapy have a median OS of only 5.65 months.^\[[@R5]\]^ Although various gemcitabine-based combination regimens have been evaluated, only erlotinib or nab-paclitaxel added to gemcitabine showed a survival benefit over gemcitabine, and that was marginal.^\[[@R7],[@R8]\]^

S-1 (Taiho Pharmaceutical Company, Tokyo, Japan) is an oral anticancer drug that consists of tegafur, gimeracil, and oteracil in a molar ratio of 1:0.4:1.^\[[@R9]\]^ Tegafur, a prodrug of 5-Fu, is transformed into 5-Fu in the liver after oral ingestion. Gimeracil is a potent dihydropyrimidine dehydrogenase (DPD) inhibitor that inhibits the degradation of 5-Fu by inhibiting DPD, the rate-limiting enzyme for the degradation of 5-Fu. Therefore, sufficient concentrations of 5-Fu in the serum and tumor tissues can be maintained. Oteracil blocks the phosphorylation of 5-Fu in the gastrointestinal tract, decreasing gastrointestinal toxic effects and limiting toxicity of 5-Fu.^\[[@R9],[@R10]\]^

Recently, S-1 has demonstrated single-agent activity in advanced pancreatic cancer, with a 21% to 37.5% overall response rate.^\[[@R11],[@R12]\]^ Studies of gemcitabine plus S-1 (GS) have also been initiated. Preclinical studies indicated that the combination of S-1 and gemcitabine had synergistic effects on cell growth and cell cycle arrest in pancreatic cancer cell lines.^\[[@R13],[@R14]\]^ In addition, pretreatment with S-1 could enhance the antitumor effects of gemcitabine in pancreatic cancer xenografts.^\[[@R15]\]^ However, clinical studies exploring the treatment effects of GS regimen for metastatic pancreatic cancer are limited and mainly carried out in Japan.^\[[@R6],[@R16],[@R17]\]^ Therefore, this study investigated the treatment effects of GS for metastatic pancreatic cancer in our institution.

2. Methods
==========

2.1. Patient population and characteristics
-------------------------------------------

Forty-one patients with metastatic pancreatic cancer pathologically confirmed by percutaneous biopsy were treated using a GS regimen between May 2010 and January 2015 in West China Hospital, Sichuan University. All patients had performance status scores of 0 or 1 before beginning treatment. The patient characteristics are summarized in Table [1](#T1){ref-type="table"}. This study was approved by the Ethics Committee of West China Hospital, Sichuan University. All patients provided informed consent to participate in the study. The American Joint Committee on Cancer (AJCC 7th version) clinical staging system of pancreatic cancer was adopted for this study.
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Patient characteristics.
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2.2. Chemotherapy
-----------------

We administered gemcitabine at a dose of 1000 mg/m^2^ on days 1 and 8 plus S-1 orally twice daily at a dose according to the body surface area (BSA) (\<1.25 m^2^, 80 mg/d; ≥1.25 to \<1.5 m^2^, 100 mg/d; ≥1.5 m^2^, 120 mg/d) on days 1 through 14 of a 21-day cycle.

2.3. Evaluation of therapeutic efficacy and toxicity
----------------------------------------------------

The pretreatment evaluations included history and physical examination, performance status, complete blood count, serum biochemistry, carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), thoracic computed tomography (CT), and abdominal CT scans or magnetic resonance imaging (MRI). Patients were evaluated weekly during treatment and monthly after treatment. Performance status, weight, complete blood count and serum biochemistry, CEA, and CA19-9 were assessed at each clinic visit. Thoracic CT and abdominal CT or MRI were repeated every 3 months during the treatment process or within 2 years after the treatment and every 6 months thereafter. In case of some conditions such as CA19-9 level increase and jaundice, a CT or MRI examination was immediately performed.

The short-term therapeutic effects of local tumor control were classified as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD) according to CT or MRI imaging. According to the Response Evaluation Criteria in Solid Tumors (RECIST 1.1),^\[[@R18]\]^ CR was defined as the complete disappearance of all measurable disease for 4 weeks; PR as at least a 30% decrease in the sum of the longest diameter of target lesions for 4 weeks compared to the baseline sum of the longest diameters; and PD as at least a 20% increase for 4 weeks, compared to the smallest recorded sum or the appearance of a new lesion (and at least 5 mm absolute increase). Patients whose disease did not meet the criteria for either a PR or PD were classified as having SD for 4 weeks.

The major indexes of long-term effects were progression-free survival (PFS) and OS. The PFS was counted from the date of treatment to disease progression or death from any cause. The OS was the duration from the beginning date of treatment to the date of follow-up for surviving patients or to the date of death.

The adverse events were assessed using the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events, version 3.0.^\[[@R18],[@R19]\]^ Treatment was temporarily suspended in case of grade 3/4 hematological toxicity or grade 2 or higher nonhematological toxicity. After recovery to grade 1 toxicity or lower, treatment was restarted at the following reduced doses. First, S-1 was reduced to: 50 mg/d (\<1.25 m^2^); 80 mg/d (≥1.25 to \<1.5 m^2^); 100 mg/d (≥1.5 m^2^). When dose reduction was necessary after the reduction of S-1, gemcitabine was reduced to 800 mg/m^2^. No dose escalation was allowed following dose reduction.

2.4. Follow-up
--------------

The follow-up duration was defined as the time from the beginning date of treatment to the last date of follow-up for surviving patients or to the date of death. The last date of follow-up was February 9, 2018. At last follow-up, all patients had died.

2.5. Statistical analysis
-------------------------

SPSS for Windows, version 16.0 (SPSS Inc., Chicago, IL) was used for all statistical analyses.^\[[@R20]\]^ The Kaplan--Meier method was used to evaluate the PFS and OS. Log-rank tests were used to compare the different levels of each factor. Cox regression models were used for multivariate analysis. *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Response rate and CA19-9 change
------------------------------------

A median of 3 GS chemotherapy cycles was administered (range, 1--13 cycles). Nine patients experienced PR during treatment, 18 experienced SD during treatment, and 14 patients experienced PD directly after treatment. The objective response rate (ORR) was 22.0% (9/41) and the disease control rate (DCR) was 65.9% (27/41). During treatment, the CA19-9 level in 16 patients decreased by more than 50% and by less than 50% in 4 patients. However, the CA19-9 level in 21 patients increased directly after treatment.

3.2. Progression-free survival
------------------------------

The median PFS time was 5.1 months (range, 1.5∼21 months) (Fig. [1](#F1){ref-type="fig"}A). Univariate analysis showed that body mass index (BMI), chemotherapy cycles, and CA19-9 change significantly impacted the PFS (Table [1](#T1){ref-type="table"}) (*P* \< .05). However, only BMI and CA19-9 change had a significant impact on PFS in multivariate analysis (Table [2](#T2){ref-type="table"}, Fig. [1](#F1){ref-type="fig"}B, C) (*P* \< .05). After progression, 9 patients received second- or third-line chemotherapy. Five patients received a 5-Fu /leucovorin plus irinotecan and oxaliplatin (FOLFIRINOX) regimen, 2 patients received a 5-Fu /leucovorin plus oxaliplatin (FOLFOX) regimen, 2 patients received a nab-paclitaxel plus gemcitabine regimen, and 1 patient received a gemcitabine plus oxaliplatin regimen.

![Progression free survival of patients with different variables. A. whole group; B. BMI; C. CA19-9 change. CA19-9 = carbohydrate antigen 19-9.](medi-97-e12836-g002){#F1}

###### 

Multivariate analysis of progression free survival (Cox Regression method).

![](medi-97-e12836-g003)

3.3. OS
-------

The median OS overall was 10.6 months (range, 1.5--40 months) (Fig. [2](#F2){ref-type="fig"}A). The 0.5-, 1-, and 2-year OS rates were 65.9%, 41.5%, and 9.8% (Fig. [2](#F2){ref-type="fig"}A), respectively. Univariate analysis showed that sex, tumor sites, chemotherapy cycles, and CA19-9 change significantly impacted the OS (Table [1](#T1){ref-type="table"}) (*P* \< .05). However, only tumor sites and chemotherapy cycles significantly influenced the OS in multivariate analysis (Table [3](#T3){ref-type="table"}, Fig. [2](#F2){ref-type="fig"}B and C) (*P* \< .05).

![Overall survival of patients with different variables. A. whole group; B. tumor sites; C. chemotherapy cycles.](medi-97-e12836-g004){#F2}
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Multivariate analysis of overall survival (Cox Regression method).
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3.4. Toxicity
-------------

Grade 3/4 hematological adverse effects occurred in 13 patients, grade 3 liver function damage occurred in 1 patient, and a grade 3 gastrointestinal reaction was observed in 1 patient. In addition, 12 patients developed grade 1/2 rash mainly on the cheek and neck during treatment. Seventeen patients reduced drug administration as needed and 1 patient stopped treatment because of the severe gastrointestinal reaction. However, no patient stopped treatment for hematological adverse effects.

4. Discussion
=============

Pancreatic cancer accounts for approximately 232,300 cases and 227,000 deaths in 2002 worldwide.^\[[@R21]\]^ Approximately 80% of patients are ineligible for surgery at diagnosis and more than half have metastatic disease.^\[[@R8]\]^ The use of palliative chemotherapy has been shown to improve survival and quality of life compared to best supportive care in patients with good performance status.^\[[@R16],[@R22]\]^ However, the 5-year survival rate is still poor, at less than 10%, and is linked to the high incidence of distant metastasis even at initial diagnosis, as well as the tumor\'s resistance to anticancer agents.^\[[@R22],[@R23]\]^ Innovation in systemic chemotherapy is thus urgently needed to improve the survival of patients with pancreatic cancer. Both gemcitabine and S-1 are valuable treatments for advanced pancreatic cancer.^\[[@R23]\]^ It is of interest to explore the treatment effects of GS regimens for metastatic pancreatic cancer patients in our institution.

In this study, 9 patients experienced PR during the treatment and 18 patients experienced SD during treatment. The ORR was 22.0% (9/41) and the DCR was 65.9% (27/41), which were similar to those in other studies. Ueno et al^\[[@R23]\]^ reported on 275 locally advanced or metastatic pancreatic cancer patients treated with GS regimens, with an ORR of 29.3% and DCR of 71.5%. Sudo et al^\[[@R22]\]^ reported on 51 unresectable pancreatic cancer patients treated with a GS regimen, in whom the ORR and DCR were 21.6% and 68.6%, respectively. Nakamura et al^\[[@R6]\]^ reported on 33 metastatic pancreatic cancer patients treated with GS regimen, with an ORR of 48.5% and DCR of 75.8%.

At the last follow-up, all patients in the present study had progressed after beginning the GS regimen. The median PFS time was 5.1 months (range, 1.5--21 months). After progression, several patients received second or third-line chemotherapy. However, the response rates of these treatments after first-line treatment were limited. In addition, second or third-line chemotherapy had no significant influence on the PFS or OS in both univariate and multivariate analyses. BMI, chemotherapy cycles, and CA199 change significantly impacted the PFS but only BMI and CA199 change significantly influenced the PFS in multivariate analysis.

The median OS duration overall was 10.6 months (range, 1.5--40 months). The 0.5-, 1-, and 2-year rates of OS overall were 65.9%, 41.5%, and 9.8%, respectively. These results were close to those of other studies. Ueno et al^\[[@R23]\]^ reported on 275 locally advanced or metastatic pancreatic cancer patients treated with GS regimens, with an OS of 10.1 months. Sudo et al^\[[@R22]\]^ reported on 51 unresectable pancreatic cancer patients treated with GS regimen, with a median OS of 8.6 months. Nakamura et al^\[[@R6]\]^ reported on 33 metastatic pancreatic cancer patients treated with GS regimen, with an OS of 12.5 months and 1-year survival rate of 54%.

Univariate analysis showed that sex, tumor sites, chemotherapy cycles, and CA199 change had significant impacts on the OS. However, in multivariate analysis, only tumor sites, and chemotherapy cycles significantly influenced the OS. As shown in Figure [2](#F2){ref-type="fig"}B, pancreatic cancer originating from the pancreatic head in this study showed a better OS (median: 14.5 months; range, 1.5--40 months) than those originating from the pancreatic body and tail (median: 6.8 months; range, 1.7-- 32 months). This finding is hard to explain. Some observational studies analyzing outcome according to tumor stage at diagnosis showed superior survival in patients with cancer located in the pancreatic body and tail compared to that in those with cancer located in the pancreatic head in the case of localized and resectable disease.^\[[@R21],[@R24]\]^ However, a recent analysis based on Surveillance, Epidemiology and End Results Program data (SEER by the NCI) revealed a significant difference in the 3-year survival rates of 3.9% (body/tail) versus 6.2% (head), in which the mortality is worse when the tumor is located in the pancreatic body and tail.^\[[@R21],[@R25]\]^ The number of chemotherapy cycles was another significant influencing factor of OS in this study. Patients who received more than 3 cycles of GS chemotherapy had a better OS (median: 12.5 months; range, 5.5--40 months) than that in patients who did not (median: 5.5 months; range, 1.5--21 months) (Fig. [2](#F2){ref-type="fig"}C). Therefore, the more cycles of GS chemotherapy patients receive, the better the OS. We encourage unresectable metastatic pancreatic cancer patients to receive as many cycles as they can tolerate.

Twenty patients decreased CA19-9 levels during or after the treatment, 16 (39.0%) with a decrease larger than 50%. For PFS, CA19-9 change showed a significant impact in both univariate and multivariate analysis. A change in CA19-9 level was also a significant influencing factor of OS in univariate analysis. Patients with increased CA19-9 level had a worse prognosis including PFS and OS compared to that in patients with decreased CA19-9 level, especially those with decreases greater than 50%. However, there was no significant difference between patients with CA19-9 decreases of less than 50% and more than 50% (data not shown).

The adverse effects in this study were moderate and tolerable. Grade 3/4 hematological adverse effects occurred in 13 patients, grade 3 liver function damage occurred in 1 patient, and a grade 3 gastrointestinal reaction was observed in 1 patient. The patient stopped treatment because of the severe gastrointestinal reaction. However, no patient stopped treatment for hematological adverse effects.

This study has several limitations. First, the sample size was relatively small. In addition, 9 patients in this study received second- or third-line chemotherapy, which may have influenced the results. However, no significant difference was found. Therefore, we believe that the impacts of second- or third-line chemotherapy were minimal. So, we did not exclude them from this study.

In conclusion, the effects of GS for metastatic pancreatic cancer in our institution were good. BMI and CA19-9 change were significant influence factors of PFS, while tumor sites and chemotherapy cycles were significant influence factors of OS in multivariate analysis. The adverse effects were moderate and tolerable. However, further investigation in future prospective clinical studies is warranted.
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